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PATENT 



Attorney Docket No. : 01 5 1 14-063 1 1 OUS 
Client Reference No.: A790C1 

DATA REALIGNMENT TECHNIQUES FOR SERIAL-TO-PARALLEL 

CONVERSION 

CROSS-REFERENCES TO RELATED APPLICATIONS 
5 [0001] This application is a continuation of U.S. Patent Application No. 10/269,370 filed 

October 1 0, 2002 (Attorney Docket No. 0 1 5 1 1 4-063 1 00US), which is incorporated by reference 
herein. 



BACKGROUND OF THE INVENTION 
10 [0002] The present invention relates to data realignment in serial-to-parallel converters, and 

more particularly, to techniques for realigning the boundary between data bytes when converting 
serial data to parallel data. 

[0003] A serial-to-parallel converter circuit is used to convert a serial data stream into a parallel 
data stream. Bits of data are shifted into a shift register from a single input data stream. The 
1 5 data bits stored in the register are then simultaneously shifted out of the register along parallel 
signal lines as parallel data. Each data bit is output on a separate parallel signal line. The data 
bits are shifted out of the register as bytes of data (e.g., 8 bits each). Thus, the registers groups 
serial data bits into data bytes on parallel signal lines. 

[0004] The register determines the boundary between one data byte and the next data byte. 
20 Typically, when serial data is converting to parallel data, the boundary between data bytes is 
determined randomly, depending upon when the data transmitting and receiving devices power 
up. 

[0005] Therefore, it would be desirable to provide techniques to realign the boundary between 
output data bytes from a serial-to-parallel data converter to match a preset data boundary. 

25 

BRIEF SUMMARY OF THE INVENTION 
[0006] The present invention includes techniques for adjusting the boundary between bytes of 
data in a serial-to-parallel converter. Bits of serial data are shifted into a first register. A first 
clock signal controls the shifting of data into the first register. Data bytes are then shifted out of 



the first register along parallel signal lines into a second register. The timing of the parallel load 
of data from the first register to the second register determines the parallel data byte boundary. 
[0007] A load enable signal controls the loading of parallel data into the second register. The 
boundary between the parallel data bytes can be realigned using the load enable signal. The 
5 phase of the load enable signal can be changed to shift the boundary between data bytes by one 
or more bits. 

[0008] The parallel data is then loaded from the second register into a third register. A second 
load signal controls the loading of data into the third register. The phase of the second load 
signal is fixed relative to a second clock signal. The second clock signal controls the circuitry 
10 that receives the parallel data output of the third register. The parallel data output of the third 
register is synchronized to the second clock signal to ensure enough set up and hold time for the 
data signals output by the third register. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0009] FIG. 1 is a diagram of a serial-to-parallel converter that uses the data realignment 
techniques of the present invention; 

[0010] FIG. 2 is a graph that shows signals of the serial-to-parallel converter of FIG. 1; and 
[0011] FIG. 3 is a diagram that shows phase locked loops, transmitters, and receivers embedded 
in a programmable logic device in accordance with the present invention. 

20 

DETAILED DESCRIPTION OF THE INVENTION 
[0012] FIG. 1 illustrates an embodiment of the present invention. Serial-to-parallel converter 
101 is coupled to a phase locked loop block (PLL) 102 as shown in FIG. 1. 
[0013] Serial-to-parallel data converter 101 converts serial input data received at input/output 
25 (I/O) pin 1 10 to parallel output data. Converter 101 includes registers 111-113 (also referred to 
as registers A, B, and C in FIG. 1). The serial data is initially shifted into register 111 bit by bit. 
For example, eight bits may be loaded into register 111. The number eight is chosen for 
illustration purposes only and is not intended to limit the present invention. Register 111 may 
store any suitable number of bits. 
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[0014] After a predetermined number of bits have been shifted into register 111, these bits are 
shifted out of register 1 1 1 along parallel signal lines. For example, 8 bits stored in register 1 1 1 
can be output along 8 parallel signal lines to form an 8-bit byte. 

[0015] A byte of data from register 1 1 1 is then loaded into register 1 12. Register 1 12 can shift 
5 the boundary between parallel data bytes by one or more bits. 

[0016] Data bytes are then loaded from register 112 into register 113. The data is subsequently 
transferred out of register 113 into circuitry outside of converter 101. For example, the data can 
be transferred to core circuitry in a programmable logic device, a field programmable gate array, 
or a programmable logic array. 

10 [0017] PLL block 102 generates signals that control the operation of serial-to-parallel converter 
101. PLL block 102 accepts a clock signal (CLK IN) as an input signal. The input clock signal 
is provided to a phase locked loop circuit that includes phase detector 121, voltage controlled 
oscillator 122, and feedback divide down circuit 123. Circuit 123 allows the PLL to generate a 
frequency that is greater than its input frequency. Phase detector 121 also includes a charge 

15 pump circuit. The phase locked loop circuitry operates according to well-known phase locked 
loop techniques. 

[0018] The period of the input clock signal corresponds to the length of one byte of data in the 
input serial data stream at pin 110. Voltage controlled oscillator 122 outputs a clock signal 
Serial CLK. The Serial CLK clock signal controls the shifting of data bits through register 111. 

20 [0019] The frequency of Serial CLK is a variable X times faster than the frequency of the input 
clock signal CLK IN. In one embodiment of the present invention, X is the number of bits in 
each byte of data. For example, if register 1 1 1 simultaneously outputs 8 bits in each byte of 
parallel data, the frequency of the Serial CLK signal is 8 times faster than the frequency of the 
input clock signal CLK IN. In this example, each serial data bit corresponds to one period of 

25 Serial CLK, and 8 serial data bits correspond to one period of CLK IN. 

[0020] In another embodiment of the present invention, the number of bits in the parallel output 
of register 1 1 1 can be different than X. For example, if the frequency of the Serial CLK signal is 
4 times faster than the frequency of CLK IN, register 1 1 1 can simultaneously output 8 bits in 
each byte of parallel data. 

30 [0021] FIG. 2 illustrates an example of the Serial CLK signal. In each period of Serial CLK, a 
new serial input bit is stored in the first memory cell of register 111, and each bit already stored 
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in register 1 1 1 is shifted one memory cell down in the direction of the arrow shown in FIG. 1. 
When one byte of data comprising N bits (e.g., 8 bits) has been stored in register 1 1 1, the data 
byte is loaded into register 112 along N parallel signal lines. 

[0022] The Serial CLK signal is provided to inputs of two counters 131 and 132. Counters 131 
5 and 132 output periodic signals Register G Load and Register B Load, respectively. Counters 
1 3 1 and 132 divide the frequency of the Serial CLK signal by the same ratio as the serial-to- 
parallel conversion ratio. For example, if register 1 1 1 converts sets of 8 serial bits into 8-bit 
parallel bytes, then the frequencies of the Register C Load and Register B Load signals are one- 
eighth the frequency of the Serial CLK signal. 

10 [0023] Counter 131 also generates a Core Clock signal. The frequency of the Core Clock signal 
corresponds to one byte of data. For example, if 8 bits are in one byte, then one period of the 
Core Clock equals eight periods of the Serial CLK signal. The Core Clock signal is used to 
control circuitry that receives the parallel output data of serial-to-parallel converter 101 . 
[0024] Register 133 is coupled to counter 132 and register 112. Register 133 provides the 

15 Register B Load signal to register 112. Register 133 synchronizes the Register B Load signal to 
the Serial CLK clock signal. Register 133 also eliminates the skew between the Register B Load 
signal and the Serial CLK signal due to delays from PLL 102 and serial-to-parallel converter 
101. 

[0025] Register 134 is coupled to counter 131 and register 113. Register 134 provides the 
20 Register C Load signal to register 113. Register 134 synchronizes the Register C Load signal to 
the Serial CLK clock signal. Register 134 also eliminates the skew between the Register C Load 
signal and the Serial CLK signal due to delays from PLL 102 and serial-to-parallel converter 
101. 

[0026] Examples of the Register C Load and Register B Load signals are shown in FIG. 2. The 
25 period of the Register B Load signal determines the length of a data byte. When the Register B 
Load signal is HIGH, register 133 outputs a signal that causes the data bits stored in register 111 
to be loaded into corresponding memory cells in register 1 12 on the falling edge of Serial CLK. 
[0027] In the example shown in FIG. 2, eight bits are transferred from register 1 1 1 to register 
1 12 in each cycle of the Register B Load signal. A data byte is transferred from register 1 1 1 to 
30 register 112 during one cycle of the Serial CLK signal. 
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[0028] When the Register C Load signal is HIGH, register 134 outputs a signal that causes one 
data byte to be transferred from register 1 12 into register 1 13 at the next rising edge of the Serial 
CLK signal. Because register 1 12 changes state at the falling edge of the Serial CLK signal, the 
data bits have at least one-half of a period of Serial CLK to travel from register 1 12 to register 
5 113. The circuitry should be fast enough to transfer the data in this time period. 

[0029] Register 113 synchronizes the data with the Core Clock signal. The Core Clock signal is 
used to control the core circuitry (e.g., core circuitry in a programmable logic device). Register 
113 synchronizes its output data with the Core Clock signal in order to provide enough set up 
and hold time before the data signals are loaded into the core circuitry. 
10 [0030] The phase of the Register C Load signal is fixed relative to the Core Clock signal. In the 
example shown in FIG. 2, the rising edge of Register C Load signal always occurs just before the 
Core Clock signal. 

[0031] The Core Clock signal controls when data bytes are transferred from register 1 13 to the 
core circuitry outside converter 101. A byte of data is transferred from register 1 13 to the core 
1 5 circuitry on the rising edge of the Core Clock signal. For example, the data may be transferred to 
core circuitry within a programmable logic device (PLD), a field programmable gate array 
(FPGA), or a programmable logic array (PLA). 

[0032] The Register B Load signal determines the boundary between one data byte and the next 
data byte in converter 101. The boundary between data bytes is initially determined randomly 

20 depending upon when the data transmitting and data receiving devices power up. 

[0033] Circuitry in PLL block 102 can be used to realign the boundary between data bytes in 
register 1 12 so that the data bits are separated into bytes at the correct boundary point. This 
circuitry includes registers 151, 152, 153, and 156 and logic gates 154, 155, and 157. 
[0034] If serial-to-parallel converter 101 is not separating data bits into bytes at the correct 

25 boundary point, the SYNC signal is pulsed HIGH. The SYNC signal can be driven by a user 
built state machine on the same integrated circuit as converter 101 or from an input/output pin. 
The state machine can determine the correctness of the data byte boundaries by passing a sample 
serial data stream through converter 101 and comparing the output of converter 101 with a 
predetermined set of parallel data. 
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[0035] Each time that the SYNC signal goes HIGH, the boundary between each byte shifts 
forward one bit. When the byte boundary shifts forward, one bit of sample data is thrown out as 
shown in FIG. 2. 

[0036] The SYNC signal is received by register 151. Register 151 synchronizes the SYNC 
5 signal to the Core Clock signal. Registers 151, 152, 153, and 156 are turned ON and OFF by the 
PLL enable signal. 

[0037] The output signal of register 152 and the inverted output signal of register 153 are input 
signals to AND gate 155. An input of register 156 receives the output signal of AND gate 155. 
[0038] Registers 152-153 and 156 are coupled to receive the Serial CLK clock signal. The 
10 output signal of register 156 is signal NCE. Registers 152-153 and 156 synchronize the NCE 
signal with the Serial CLK clock signal. 

[0039] A time period after the SYNC signal is HIGH, the output signal NCE of register 156 goes 
HIGH. The function of registers 151-153 and 156 is to detect the rising edge of SYNC and to 
generate the NCE pulse. FIG. 2 illustrates example waveforms for signals SYNC and NCE. 

1 5 NCE should be short enough to cause the byte boundary to shift by one bit. 

[0040] When the NCE signal goes HIGH, counter 132 delays the next rising edge of the Register 
B Load signal by one period of the Serial CLK clock signal. As discussed above, the Register B 
Load signal determines the boundary between data bytes. By delaying the next rising edge of the 
Register B Load signal, the boundary between data bytes moves forward by one bit. 

20 [0041] Thus, when the NCE signal goes HIGH, the period of the Register B Load signal 

temporarily increases, and its frequency temporarily decreases. Put another way, the phase of 
the Register B Load signal changes in response to the NCE signal. 

[0042] The data boundary change is illustrated by the Register B output signal in FIG. 2. Before 
the NCE signal goes HIGH, the boundary between data bytes occurs between bit 7 and bit 0. 
25 One byte of data during this time corresponds to the sequence 01234567. 

[0043] After the NCE signal goes HIGH, the data byte boundary moves forward by one bit. The 
data byte boundary now occurs between bit 0 and bit 1 . The 0 bit is thrown out, because it is not 
included in the previous byte or in the next byte. Subsequent bytes of data correspond to the 
sequence 12345670. 

30 [0044] The Serial CLK clock signal causes input data bits to be continuously shifted into register 
111. When NCE is HIGH, the data bit in the last memory cell of register 1 1 1 is lost, while the 
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next data bit is shifted in. The bits stored in register 1 1 1 are then loaded into register 1 12 when 
the Register B Load signal is HIGH. This process causes the boundary between the next parallel 
data byte to be shifted one bit forward with respect to the previous data byte. 
[0045] The SYNC signal can be pulsed HIGH again to move the boundary between data bytes 
5 forward by another bit. When the NCE signal goes HIGH a second time, the boundary between 
data bytes moves between bit 1 and bit 2, and the next bit 1 is thrown out. The data sequence for 
subsequent bytes corresponds to bits 23456701. The SYNC signal can be pulsed any number 
(M) times to move the boundary between bytes forward by M bits. In other embodiments, the 
SYNC signal can be pulsed to any voltage level (e.g., LOW) to move the boundary between data 
10 bytes. 

[0046] The data byte realignment feature of FIG. 1 can be disabled by RAM bit 158. If RAM bit 
158 is programmed to be LOW, NCE is held LOW. When NCE is held LOW, no data byte 
boundary shifting can happen regardless of the state of the SYNC signal 
[0047] Phase locked loops and serial-to-parallel converters of the present invention can be 

15 embedded on a PLD, FPGA, or PLA integrated circuit. FIG. 3 illustrates an example of an 
integrated circuit that includes serial-to-parallel data converters and phase locked loops 
embedded in a programmable logic device (PLD) in accordance with the present invention. 
[0048] Phase locked loops (PLLs) 102 generate the Core Clock and Serial Clock signals as 
discussed above with respect to FIG. 1. Each PLL 102 provides a Core Clock (CLK) signal to 

20 the PLD core circuitry 301 . The PLD core 301 may include logic elements, interconnect 
conductors, memory, etc. 

[0049] Each PLL 102 also generates a Serial clock (CLK) signal. A user can select a slow Serial 
CLK signal or one of 4 faster Serial CLK signals that are shown in FIG. 3. The Serial CLK 
signals are provided to receivers 311-314 and transmitters 321-324. The 4 faster Serial CLK 
25 signals are only provided to a subset of the receivers and a subset of the transmitters as shown in 
FIG. 3. 

[0050] Each of the receivers 311-314 includes a serial-to-parallel data converter of the present 
invention such as converter 101 in FIG. 1. Receivers 311-314 receive serial input data, convert 
the serial data to parallel data, and drive the parallel data into core circuitry 301 . 
30 [0051] Each of the transmitters 321-324 includes a parallel-to-serial data converter. Transmitters 
321-324 receives parallel data from core circuitry 301, convert the parallel data into serial data, 
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and drive the serial data out of the PLD. For example, the transmitters can drive the serial data 
to input/output (I/O) pins on the PLD. 

[0052] While the present invention has been described herein with reference to particular 
embodiments thereof, a latitude of modification, various changes, and substitutions are intended 
5 in the present invention. In some instances, features of the invention can be employed without a 
corresponding use of other features, without departing from the scope of the invention as set 
forth. Therefore, many modifications may be made to adapt a particular configuration or method 
disclosed, without departing from the essential scope and spirit of the present invention. It is 
intended that the invention not be limited to the particular embodiment disclosed, but that the 
10 invention will include all embodiments and equivalents falling within the scope of the claims. 
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